Purpose: To investigate the association between adiposity and pedometry-assessed ambulation in a convenience sample of adult, rural black South African women. Methods: Pedometry data were collected over 7 days in 121 subjects. Adiposity measures included body mass index (BMI), waist circumference (WC) and percentage body fat (PBF). Results: Sedentarism (o5000 steps day À1 ) was found in 13.7%, while 39.7% were classified as accruing sufficient physical activity (X10 000 steps day À1 ). Significant associations (Po0.02) existed between steps day À1 and adiposity measures (r ¼ À0.22 to À0.23). After adjusting for age, only BMI remained significantly associated with steps day À1 (r ¼ À0.20, P ¼ 0.032). Significant age-adjusted linear trends were found across combined BMI-WC risk categories for steps day À1 (P ¼ 0.036). Adjusting for age, motor vehicle access, education, use of tobacco products and comorbidities, BMI decreased 1.4 kg m À2 per 5000 steps day À1 (P ¼ 0.035), access to a motor vehicle within the household increased PBF by 4% (P ¼ 0.018), and compared with sedentarism, the risk of obesity (BMI X30 kg m À2 ) was 52% lower at 10 000 steps day À1 (P ¼ 0.028). Conclusion: Modest associations were found between adiposity and ambulation. Ambulation decreased the risk for obesity, while motor vehicle access was associated with increased adiposity levels.
Introduction
Few studies in South Africa have investigated obesity in relation to physical activity (PA) in rural African populations and have relied on questionnaires to estimate PA. 1 To the best of our knowledge, there is only one South African study that has used objectively-measured PA (heart rate monitoring) to investigate the relationship with measures of adiposity and resting blood pressure in an elderly mixedancestry sample. 2 There are no pedometry data from uniquely South African populations, specifically rural, adult, black women. Therefore, the objectives of this study were:
firstly, to investigate the association between measures of adiposity and pedometry-assessed ambulatory PA; secondly, to explore the level of protection ambulation offers against obesity, and the effect factors such as motor vehicle access could have on obesity risk in this rural African community.
Methods
A random list of 600 potential subjects (female, 15-55 years, permanent residents, non-pregnant) was generated from the Dikgale Demographic Surveillance System site (DDSS) relational database. 3 If the potential subject was not at home or refused to participate, the field workers moved onto the next subject in the random list. Owing to financial constraints, a total of 151 eligible subjects were recruited. Signed informed consent was obtained from all participants. The study was approved by the Ethics Committee of the University of the North.
Anthropometric measures of stature, body mass, waist circumference (WC), and skinfold thicknesses (triceps, biceps, subscapular and suprailiac) were performed accor ding to standardized procedures. 4 Body mass index (BMI) and percentage body fat (PBF) were calculated. 5 Obesity was defined as BMI X30 kg m -2 or WC X88 cm, 6 and X75th percentile of PBF (37.7%). Subjects were categorized using combinations of BMI and WC cut points. 6 
Statistical analyses
The association between continuous variables (age, adiposity and pedometry output) was explored with zero-order and partial (age-adjusted) correlation coefficients. Linear trends and analysis of covariance tested continuous measures across ordered obesity categories. Multiple linear regression analyses were performed with adiposity measures as dependent variables. Explanatory variables forced into the model were mean steps day À1 , age, motor vehicle access, completion of secondary school, comorbidities (self-reported diabetes and/or hypertension) and tobacco products usage.
To investigate the risk of obesity in relation to pedometryassessed ambulation, odds ratios (ORs ±95% CI) were derived from logistic regression models for BMI-, WC-and PBF-defined obesity, adjusting for age, motor vehicle access, completion of secondary school, comorbidities and tobacco products usage. The ORs at pedometry-assessed ambulation levels were compared with the ORs at an arbitrary reference point (4999 steps day
À1
) to determine the risk of obesity:
where Exp is exponent e, X i is a specific pedometry-assessed ambulation level, X ref is the reference point and b is the coefficient of pedometry-assessed ambulation derived from logistic regression. Data were analysed using appropriate statistical software (SPSS 11.0.1.) and significance was set at Po0.05.
Results
Of the original 151 subjects recruited, 121 subjects (80. 1%), who represent ± 8% of the larger DDSS 15-55-year-old female population, wore the pedometer for 7 days. There were no significant differences between compliers and non-compliers for physical or sociodemographic variables (P40.3). Owing to funding and personnel constraints, readings could not be taken every day and units were collected after 7 days of recording. Subjects were asked whether they wore the units properly (right side up) during waking hours for 7 days. If subjects replied negatively or could not provide accurate times or days for noncompliance, their data was excluded from the subsequent analyses. Consequently, shorter time periods of 3 to 5 days of recording could not be included in the analyses. Descriptive statistics are provided in Table 1 for compliant subjects. The prevalence of sedentarism was threefold less than the prevalence for active-very active (Figure 1 ). Mean steps day
À1
was significantly (Po0.02) related to BMI and WC; r ¼ À0.22 and r ¼ À0.23, respectively. After adjustment for age, only BMI was significantly related to ambulation (Figure 1 ). Pedometry-assessed ambulation was significantly related to BMI, even after adjusting for a number of covariates (b ¼ À0.0002839, P ¼ 0.035); for every 5000 steps day À1 increase, BMI decreases by 1.4 kg m
À2
. Ambulation was not associated with PBF (P ¼ 0.940) or WC (P ¼ 0.093). However, access to a motor vehicle within the household was significantly related to PBF (b ¼ 3.968, P ¼ 0.018); easier access to a motor vehicle increased PBF by 4%. When categorizing according to disease risk (low-to-extremely high) using a combination of BMI and WC, the linear trend in increasing age (P ¼ 0.042) and decreasing pedometryassessed ambulation (P ¼ 0.02) was significant. After adjustment for age using analysis of covariance, the significant negative, linear trend across disease risk categories for pedometry-assessed ambulation persisted (P ¼ 0.036). Pedometry-assessed ambulation was a significant protective factor against BMI-defined obesity; adjusted OR ¼ 0.34 (95% CI: 0.13-0.89), unadjusted OR ¼ 0.32 (95%CI: 0.13-0.78). The OR for WC-and PBF-defined obesity was in the expected direction but did not reach statistical significance , the risk of BMI-defined obesity was reduced by 35% at 7500 steps day À1 , 52% at 10 000 steps day À1 and 62% at 12 500 steps day
À1
. The reduction in risk was more pronounced at moderate levels of ambulation such that the risk changed 52% from 5000 to 10 000 steps day À1 , 35% from 10 000 to 15 000 steps day À1 and 26% from 15 000 to 20 000 steps day
.
Discussion
To the best of our knowledge, this is the first study that has used an objective measure of PA to investigate the association between adiposity and ambulation, in a rural black South African community undergoing epidemiological transition. Generally, South African studies have found low to moderate inverse relationships between PA and adiposity in black South African populations and few studies have used non-categorical, unit-based measures of PA. 1, 9 Objectivelymeasured PA not only provides comparable unit-based output but also greatly reduces the impact of language and cultural influences on PA estimates, as opposed to questionnaires. Therefore, it is important that studies utilizing objectively measured PA are conducted to verify the findings of questionnaire-based surveys.
Estimates of the prevalence of sedentarism in black South African female subjects range from 27.3 to 85.6% using PA questionnaires, 3,9-11 which is substantially higher than the 13.2% found in this study. It is likely that the higher and varied prevalence of sedentarism found in questionnairebased surveys is the result of a greater number of urban subjects and diverging PA assessment instruments that differ in terms of output (unitless vs unit-based) and characterization of active and sedentary behaviour. 3, [9] [10] [11] In comparison with pedometry-assessed ambulation levels in industrialized settings, 12 our results show a reversal of the prevalence of sedentarism and active behaviour; sedentarism: industrialized settings 44% vs developing country 13.2% and active behaviour: industrialized setting 13.9% vs developing country 39.7%. Our findings suggest that female subjects in the DDSS accumulate relatively large amounts of PA by participating in subsistence activities. Moreover, as few female subjects have access to motor vehicles, much of the transport within the DDSS is through walking. This would explain why 16.5% of the sample achieved X12 500 steps day
À1
. A number of North American studies have found significant associations between pedometer-assessed ambulation and BMI (r ¼ À0.27 to r ¼ À0.42), WC (r ¼ À0.43 to r ¼ À0.62) and PBF (r ¼ À0.27 to r ¼ À0.71).
12-17 South
African surveys have found significant (PX0.03) but low to moderate associations between PA and BMI (r ¼ À0.14), WC (r ¼ À0.15) and sum of skinfolds (r ¼ À0.10). 1 We did not find the clearly inverse relationships between adiposity and ambulation that have been found in North American studies. Our findings tend to concur with results from South African questionnaire-based PA surveys that have found low to modest associations between PA and adiposity. 1 The significantly increased adiposity in households with access to a motor vehicle in this study is in agreement with the significantly increased risk for BMI-defined obesity in female subjects in Chinese households with motor vehicles. Ambulatory activity in rural African women I Cook et al
Acknowledging that causality cannot be attributed to cross-sectional findings, we found a significant multivariate-adjusted reduction in risk of 52% against increased adiposity by accumulating 10 000 steps day À1 compared with o5000 steps day À1 . A large prospective study of middle-aged women conducted in an industrialized setting found a significant multivariate risk reduction (52%, Po0.001) for coronary heart disease by walking X2 h week À1 . 19 A crosssectional study investigating the determinants of obesity in black South African women 1 found a significant multivariate risk reduction of 62% (P ¼ 0.001) for obesity in those within the highest tertile of PA. This tertile of PA included walking to work at a moderate pace for 31-60 min day- 1.1 Considering that those accumulating X10 000 steps day
average B60 min day À1 of moderate PA, 20 our multivariate risk reduction estimate for obesity appears to be valid. Possible sources of error are: firstly, the pedometers used in this study will accurately record ambulatory activity above a specific threshold; 7 secondly, approximately 20% of the subjects did not wear the pedometer for 7 days. It is possible that those not complying could have increased the group average for ambulation because of the low prevalence of motorized transport within this rural community.
In conclusion, this study reports pedometry-assessed ambulatory levels in a rural African sample and has shown significant associations with adiposity. Moreover, passive, motorized transport has also been shown to be significantly related to adiposity.
